The lipoquinones and associated respiratory functions of 34 cultures representing 17 bacterial species hitherto assigned to the genus Actinobacillus or Pasteurella were investigated. Strains representing recognized Actino bacillus or Pasteurella species regularly contained desmethylmenaquinones and were capable of anaerobic electron transport with fumarate as a terminal acceptor when grown in oxygen-limited cultures. On aeration, the majority of the strains produced ubiquinones in addition to desmethylmenaquinones, with inter-and intraspecific variations. The use of lipoquinone patterns and features indicating fumarate respiration, such as stimulation of oxygen-limited growth by fumarate, in the classification and identification of Actinobacillus, Pasteurella, and phenotypically similar organisms is discussed.
In the 8th edition of Bergey's Manual, four species of the genus Pasteurella Trevisan and two species of the genus Actinobacillus Brumpt are recognized, and, furthermore, some species incertae sedis are listed (7, 10) . Several species of Pasteurella and Actinobacillus described more recently are waiting for recognition or rejection. On the basis of phenotypical data, both circumscription of the two traditional genera and their classification below the generic level are at present difficult to assess. Moreover, Pasteurella and Actinobacillus are closely related at least to some members of the conventional genus Haemophilus (10) . Thus, additional classifying features of the organisms in question are desired.
After a preliminary study on the composition of the respiratory chain system of some Actinobacillus and Pasteurella strains (R. Zabel, M.D. thesis, Philipps University, Marburg/Lahn, Germany, 1974), we felt that the respiratory quinones are not only indicative of basic physiological properties of these organisms, but may be ale0 useful tools in group and species characterization. This communication will present evidence for the taxonomic significance of quinone patterns and of the fumarate respiration pathway mediated by desmethylmenaquinone (DMK) in the organisms investigated.
MATERIALS AND METHODS
Microorganisms. The organisms investigated are listed in Table 1 . Vegetative cultures were kept for short periods (up to 1 week) at 4°C on chocolate agar; freeze-dried stocks were maintained in evacuated ampoules at room temperature in the dark. Before use, the strains were purified by repeated subcultivation of single colonies and reidentified by examination of micromorphology , Gram reaction, and appropriate biochemical characters.
Media and cultivation. Chocolate agar (5% [vol/vol] defibrinated sheep blood in tryptic soy agar [Difco Laboratories, Detroit, Mich.] heated to 80°C for 20 min before pouring) was used for maintenance and purity checks. Proteose peptone medium (14) with proteose peptone no. 3 (Difco) was used throughout for mass cultivation; the peptone lots used were known to contain less than lo-'' mol of both benzo-and naphthoquinones per g of dry weight (R. Hollander and W. Mannheim, unpublished data). Disodium fumarate (Fluka AG., Buchs, Switzerland; sterilized by filtration) was supplemented to a final concentration of 50 mM where indicated. "Aerobic" cells were grown by shaking 250-ml batches in Fernbach flasks (no. 20511, Schott & Gen., Mainz, Germany), using a rotary shaker (model G-25, New Brunswick Scientific Co., New Brunswick, N.J.), the shaking frequency depending on the sensitivity of the cultivated organism to aeration. "Oxygen-limited" cells were harvested from Fernbach flasks filled to the neck (about 2,000 ml of medium) and incubated statically. Incubation temperature was 37°C except for P. piscicida, which was grown at 25°C. Late-exponential-phase cells were sedimented at 12,000 x g, 0 to 4"C, and washed twice with 0.1 M tris(hydroxymethy1)aminomethane-hydrochloride buffer, pH 7.2.
Determination of protein. Protein was determined, after sonic disintegration of the cells, by a modified biuret method (12).
Determination of NADH oxidase and NADHfumarate reductase activities. Oxidation of re- 
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patterns. As shown by the data summarized in Table 1 , the organisms investigated contained one or two different quinones in amounts varying, with strains and culture conditions, from about 0.2 to about 5 pmol/g of cell protein. Qualitatively, the organisms listed in the table were heterogeneous regarding the quinones synthesized, although they appeared to be homogeneous at the species level with the exception of A. equuli. Typical Actinobacillus and Pasteurella organisms invariably contain DMK, and the majority of them are able to form Q in addition to DMK (category i; Table   1A ); a second category (ii; Table 1B ) of Actinobacillus and Pasteurella organisms, namely, A. actinomycetem-comitans, A. suis, P. bettii, and P. pneurnotropica produces DMK as the only quinone.
Two species deviating phenotypically from Pasteurellu and Actinobacillus in many other respects, and included here for comparison, lack DMK: Jayaraman's (8) organisms of the bovine lymphangitis group contain Q and, under anaerobic growth conditions, MK in relatively small amounts (category iii; Table 1C ). The so-called Actinobacillus actinoides (ATCC 15900), a gram-positive organism apparently related to the Actinomycetales, produced M K as the sole quinone (category iv; The presence of an anaerobic electron transport system containing DMK and leading to fumarate as the terminal electron acceptor in true Actinobacillus and Pasteurella strains (categories i and ii) is indicated by the following observations. The DMK contents of the cells were greater in anaerobic cultures and, even more pronouncedly, after addition of fumarate to the growth medium. Actinobacillus and Pasteurella strains containing DMK exhibited increased NADH-fumarate reductase activities when cultivated in the absence of oxygen and, more markedly, after addition of fumarate to the growth medium. Finally, the growth yields of oxygen-limited cultures were greater in the presence of fumarate, indicating an energetic use of fumarate respiration.
In Actinabacillus and Pasteurella strains containing two quinones (category i), Q participates in aerobic respiration, as suggested by the increase in the Q/DMK ratio during aerobic cultivation. The cell yields of aerated cultures were markedly increased compared with those of oxygen-limited cultures supplemented with the low-potential acceptor fumarate, even with organisms lacking Q (category ii). This suggests that both DMK and Q participate in the electron transport from NADH to oxygen, as has been shown in Haemophilus influenzae by extraction-reincorporation experiments (Hollander, Ph.D. thesis). However, some of the organisms containing DMK as the sole quinone were more or less microaerophilic when grown in heminfree media, yielding only moderate growth upon aeration.
No growth stimulation by fumarate was observed in oxygen-limited cultures of the organisms of categories iii and iv (Table 1C and D), and the presence of enzymes involved in fumarate respiration with these organisms is doubtful.
DISCUSSION
Since the redox potential and possible respiratory functions of a given quinone depend on the nature of its core, the information readily obtained by ultraviolet difference spectra (reduced minus oxidized} of lipid extracts appears to be most useful in the physiotaxonomy of chemoorganotrophic bacteria. The length of the isoprenoid side chains of respiratory quinones, although less attractive from the physiological point of view, may be an additional classifying criterion but was not considered here. The results presented allow a more thorough understanding of the metabolic versatility of the Actinobacillus and Pasteurella organisms as a group capable of using, in addition to glycolysia, VOL. 28, 1978 TAXONOMIC SIGNIFICANCE OF RESPIRATORY QUINONES 9 For references regarding the individual strains investigated we the culture collection catalogs (1,8) . Abbreviations: ATCC, American Type culture collection, RockviUe, Md.; HIM, culture collection of the Hygiene-Institut der Universitiit Marburg/Lahn, Germany; Naq., naphthoquinone (i.e., in the present context, MK or DMK, respectively); NCTC, National Collection of Type Cultures, London, England NT, not tested. The presence of both Q and DMK in the respiratory chain system has been found to be characteristic of typical Pasteurella and Actinobacillus species, whereas the presence of DMK alone is most characteristic of representative Haemophilus species (2), although some members of Actinobacillus and Pasteurella do not form Q, and some Haemophilus strains contain Q in addition to DMK. Therefore, an attempt to reclassify these organisms on the basis of quinone patterns would lead to the rearrangement of the taxonomic entities constituting the three traditional genera into two interrelated groups, namely, Haemophilus containing DMK as the sole respiratory quinone and Pasteurella plus Actinobacillus containing DMK and Q ( Table 2) . However, this concept has to await confirmation, or modification, by molecular data, in particular the deoxyribonucleic acid relationships between the numerous phenotypical groups of organisms of the three genera in question.
At present, the quinone patterns appear to be useful in defining the Actinobacillus, Haemophilus, and Pasteurella group as a whole and probably also in species characterization ( Table  2) . DMK and DMK-mediated fumarate respiration have been found in all recognized Actino bacillus, Haemophilus, and Pasteurella species examined so far, the only exception being H. parainfluenzae Pitman 429, an organism producing an unusual naphthoquinone but capable of reactivating fumarate respiration on incorporation of exogeneous DMK (Hollander, Ph.D. thesis).
In diagnostic bacteriology, examination of the growth-stimulating effect of fumarate on oxygen-limited tube cultures may be helpful in differentiation of nonmotile, nonsporulating, chemoorganotrophic, fastidious, small coccobacillary or rod-shaped gram-negative bacteria. For example, the lack of DMK and of growth stimulation by fumarate differentiates the organisms of the bovine lymphangitis group from Pasteurella; similarly, small gram-negative and fermentative rods such as Cardiobacterium
